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Anisokineticevaluation of
trunk strengthin elite
female field hockey players
AKin-Com dynamometer was used to evaluate
trunk extensor and flexor strength in 11 el ite
female field hockey players. Average torques
during maximal concentric and eccentric muscle
actions through arange of movement from 25°
ofextension to 30° of flexion were measured at
angular velocities of 30°.s-1 and 60°.s·'.
Strength curve shape, average torque values
and derived eccentric/concentric and trunk ex-
tensor/flexor ratias were analysed. The strength
curves displayed greatest torques in the
lengthened position for both muscle groups.
Statistical analysis revealed no significant dif-
ference in strength between first and second
test occasions (p =0.9920). Muscle action (ec-
centric versus concentric) and group (extensors
versus flexors) were significant main effects (p
<0;0001). There was no significant difference
between torques at 30° .S~1 and 60° .s·'.
The trunk extensor/flexor ratio approximated
1.75 for eccentric muscle action and 1.82 for
concentric muscle actions. Gravity correction
did not affect strength data but did affect
strengthcurve shape. The resuIts canbeutil ised
to design individual prophylactic exercise
programs for back pain.
[HoensAM, TelferMM, StraussGH: Anisokinetic
evaluation oftrunk strength in elite female field
hockey players. Australian Journal of
Physiotherapy36:163-171, 1990]
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he majority of muscle
performance research in the last
10 years has focused on
peripheral muscle evaluation.
However,·the significant incidence of
spinal dysfunction in both athletic and
non-athletic populations has
necessitated similar research into the
trunk musculature. One major
objective ofthis type.ofevaluation is to
establish values that define the .limits of
"normal strength" in specific
populations. These values may then be
used to identify individuals whose
performance falls outside the normal
range and subsequently, to design and
implement prophylactic regimes to
normalise the results recorded relative
to .gender, 'age and activity.
The role of the trunk muscles
The muscles of the trunk are essential
to the stability of the spine.Srudies on
a cadaveric spinal column, devoid of its
musculature but with intact ligaments,
have shown that it can withstand a load
of only 4.5 pounds·before it starts to
buckle and become unstable (Morriset
aI1961). If one considers that the
weight ofthe upper body alone exceeds
this limit, it becomes evident that the
stability of the spine is largely reliant
upon the extrinsic support afforded it
by the trunk muscles (Panjabiet aI
1989). Further, although the precise
relationship between trunk muscle
insufficieneyand low back pain (LBP)
has not been delineated, Srnidtet al
(1989) have posrulated that:
"...ina weakened state caused by
disease or pain, trunk muscles would
have a lowered capacity to (1) splint
against excessive spinal segment
motion, (2) prevent ligamentous and
capsular sprains, (3) create intra-
abdominal pressure, and (4) withstand
and control loads during functional
activities" (Smidtetal 1989, P 815).
It can be postulated, therefore, that
activities requiring sustained or
repetitive loading of the spine, which
are inherent in the sport offield
hockey,may exacerbate existing
dysfunction or render the athlete with
trunk muscle strength imbalance more
vulnerable to injury.
Evaluation of trunk muscle
strength
Traditionally, trunk muscle strength
has been assessed clinically using
activities such as sit-ups, prone
extension and double leg raising.
However, Smidt·et al (1987) have
demonstrated that these·testsare
inadequate for providing the range of
resistance necessary to cover·the
spectrum of human strength capability.
Recently, dyRamometry has been
utilised to describe and quantify
dynamic muscle actions more easily
and accurately{Osternig 1986).The
Kin-Com (Chattecx.Corporation,
Chattanooga, TN, USA) is a
computer-controlled hydraulic
dynamometer·which is capable of
measuring muscle ~orque isometrically,
isotonically and isokinetically.The
isokinetic mode permits
accommodatingresistance·to be
applied perpendicular to the body
segmentand·to constrain the
movementto a constant angular
velocity. The Kin-Com also provides
mechanisms for ramping, preloading
and .gravity correction.
Ramping provides control of the
initial acceleration of the lever arm of
-
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the dynamometer. Pre-loading is the
setting of a minimal force which the
muscle must overcome in order to
trigger the movement of the lever arm.
These two mechanisrnshelp to
minimise the oscillations that occur
early in range when the lever arm and
body segment~reattempting to match
the preset isokinetic velocity. Gravity
correction accounts for the error
induced by the turning effect due to
the weight of the body segment.
The isokinetic data generated by the
Kin-Com may be analysed with respect
to (a) strengthcurve.shape, (b) average
torque values and (c) derived ratios of
the muscle groups being tested.
(a) A strength curve is the torque
curve produced by the muscle group
causing rotation ofa segment about an
axis though a defined range of
movement (Kulig et al 1984). The
shape is a result of the length-tension
relationship of the muscle, the elastic
properties of the muscle and the length
of the lever arm. An individual's
strength curve shape may be compared
with the expected curve shape to
identify locations in range where there
is failure to develop optimal torque.
Smidtetal (1983) described trunk
strength curves for normal subjects and
patients with chronic low back
dysfunction. They reportedaslighdy
descending curve for both male
patients and normal women,and a
slightly ascending curve for female
patients. Peak torques for the normal
group were produced at the established
anatomical position for the trunk
flexors and at 200into flexion for the
trunk extensors. Normal subjects,
patients with back pain, fencers and
volleyball players were investigated by
Thorstensson etal (1989). The curves
presented were similar to those
described by Smidt et al (1983),
although no indication was given as to
which of the four groups investigated
were represented in the curves.
(b) Peak torque is not an appropriate
measure ofstrength when the strength
curve is ascending or descending as the
peak occurs at the end of the
preselected range ofmovement.
Average torque, the sum of the torques
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at each angle in the range ofmovement
divided by the number ofmea~ures,
reflects both the muscle strength and
the shape ofthe strength curve better
than peak torque.
Several relationships have been
described for·the trunk musculature.
Beimborn and Morrissey (1988) have
reported the ranking of the trunk
muscles from greatest to·least as
extensors, flexors, side flexors and
rotators.. Eccentric muscle actions
produce higher average torques than
concentric actions (Reid and Costigan
1987). Moreover, the force-velocity
relationship dictates that greater
average torques are produced at slower
velocities of shortening (Osterniget al
1977). However, Wessel et al (1989)
found no difference in trunk flexor
torques at velocities of30°.s-1,600~s-1
and 90.s-1•
(c) Derived ratios are values which
can be extracted from the average
torque data and depict a ratio between
opposing muscle actions of the agonist
and antagonist muscle groups. Derived
trunkextensor/trunk flexor (TEffF)
ratios reported in the literature range
from 1.0 to 2.0, with a value ofl.3
being commonly cited (Reid and
Costigan 1987, Beimbom and
Morrissey 1988). The TEffF ratio
appears to be detennined by factors
including the selection of the ansaf
rotation, the position in the range of
~movementat which the torque is
measured and existing pathology
(Thorstensson etal 1989). A number
of studies have found that this ratio is
reduced in subjeetswithLBP
(Langrana etal 1984, Mayer et al
1985, Thorstensson et aI1989).
However, Pope et al (1985) found the
TEffF ratio to be higher in subjects
withLBP and Alston et al (1966)
reported no difference in ratios
between subjects with LBPand those
without it.
Gravity correction of data (e.g. the
correction for the influence ofsegment
weight) has been.strongly
recommended by many authors,
notably Winter et al (1981). Isokinetic
data are interval scaled and, therefore,
have no meaningful zero torque
measurement without gravity
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correctIon (Rothstein et aI1987).
Accordingly, ratios derived from non
gravity-corrected data should not be
utilised (Delitto et al 1989, Rothstein
1985, Rothstein et al 1987). Despite
this fact, .much of the literature on
isokinetics has reported data mat are
not corrected for gravity. The
magnitude of the error introduced by
failing to account for the weight ofthe
body segment needs to be investigated.
Field hockey and the spine
Field hockey is a sport requiring both
sustained·flexion and repeated
extension of the spine.. The twisting,
stretching and contact components
inherent in the execution ofskills and
game performance place hockey
players at further risk ofspinal injury.
Despite these factors, the frequency of
LBP in this population is reported to
be similar to thatofa normal
population (Lindgren and Twomey
1988).
No sport-specific normative data for
isokinetic testing of trunk muscle
strength have been reported for elite
female field hockey players. Lindgren
and Twomey (1988) clinically assessed
spinal mobility, isometric and isotonic
trunk muscle strength, hamstring
flexibility and postural characteristics
of elite field hockey players of both
genders over a two year period. These
athletes were found to be as mobile in
a sagittal plane butmore mobile in
rotation than the normal population.
Strength of the trunk extensors was
reported to be "uniformly excellent"
(Lindgren and Twomey 1988,p 127).
Trunk flexion was assessed using an
isometric hold test and showed
improvement over a two year period.
No comparison to normal values was
made.
Purpose
The study described in this paper was
designed to evaluate the isokinetic
strength of trunk extensors and flexors
in elite female field hockey players.
Three objectives were identified: (1) to
provide sports-specific normative data
on trunk strength in this population;
(2) to assess the reliability of the
testing protocol; and (3) to investigate
figunr2. The subject positioning for the trunk flexor test ofisokinetic strength on the
Kin...Com dynamometer
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the effect of gravity correction of the
data in isokinetic trunk strength
evaluation. Strength curve shape,
average torque values, and derived
eccentridconcentric (E/C) and trunk
extensor/trunk flexor (TEITF) ratios
were selected to serve as the basis for
analysis.
Method
Subiects
Eleven elite ·female field hockey
players were recruited from the
Australian Institute ofSport -
Hockey Unit (Perth, Western
Australia) for trunk muscle strength
testing. The mean age of the subjects
was 21 years, mean weight 63
kilograms, and mean height 170
centimetres. A brief questionnaire
regarding previous and current
incidence of LBP was completed by
each subject. Nine of the athletes (82.0
percent) reported previous episodes of
LBP although none complained of
back pain at the time of testing.
Although the sample size was small,
the population was highly
homogeneous .-.- all players
experienced uniform training and
competition conditions. There was no
attrition ofsubjeets from the study,
although two members of the squad
could not participatein testing because
the lower leg stabilisation aggravated
existing tibiofemoralpathology.
Apparatus and procedures
Warm-up was undertaken ona
Monark 932 bicycle ergometer.
Subjects were requested to cycle for
five minutes at an intensity sufficient to
produce alight sweat. Three trunk
flexor (in prone) and trunk extensor (in
sitting) stretches were performed prior
to and after the isokinetic testing.
Objective trunk muscle strength
testing utilised the trunk testing unit of
the Kin-Com II dynamometer and a
protocol based on that employed by
Smidt et al (1987). Subjects were tested
in the sitting position. The pelvic
stabilisation assembly was positioned
such that the posterior pelvic pad was
localised toL4-L5 and the axis of the
Kin-Com actuator shaft was aligned
laterally with the midpoint ofthe iliac
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crest. TheT-bar resistance
application pad was aligned at the
sternomanubrial junction for flexion
tests andatT3-T4 posteriorly for
extension .tests. There was minimal
movement ofthis pad across the trunk
during testing.
Dynamic torque measures were
obtained for a total excursion of the
trunk of55°, which represented 30° of
flexion.and 25° of extension from the
neutral position, defined as erect
sitting. Selection of this range was a
function of the sport...;specific
requirements,equipmentset-up
constraints, and subject comfort.
Gravity correction was calculated from_
relaxed trunkal weight of the subject at
20° of flexion and 20° of extension
from the established neutral position
for the TF and TE respectively.
Figures land 2 illustrate the apparatus
and subject positions.
Angular velocities of movement of
300 .s-1 and 600 .s-1 were tested. These
velocities were selected both for
comparison with previous literature
and for subjectcomfort..Faster
velocities can induce awhiplash~type
effect on the head following
acceleration and deceleration of the
trunk. Concentric and eccentric muscle
actions of the trunk flexors and
extensors were measured.Preloads for
the initial submaximal trials were set at
100 Newtons for both flexion and
extension. They were subsequently
adjusted for each subject so as to
obtain the optimalsttength curve
shape. Familiarisation with the resisted
-
Figure 1. The subject positioning for the
trunk extensor test of isokineticstrength
on the Kin...Com dynamometer.
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GRAVITY CORRECTED TRUNK STRENGTH
Results
Strength curves
Gravity-corrected torque versus joint
angle curves were obtained for
concentric and eccentric muscle
actions of the trunk extensors and
flexors at velocities of JOo.s-land 60°.s1.
In general, both eccentric and
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movements was performed
submaximally (with at least three trials)
until each subject felt confident of the
movement patterns and consistent
strength curves were displayed on the
Kin-Com monitor. Thesubjects were
then encouraged to perform maximal
efforts until a minimum of two and a
maximum of four reproducible curves
were achieved at each velocity, for both
concentric and eccentric muscle
actions and for both muscle groups. A
rest period ofbetween 30 and 60
seconds was incorporated between
each concentric and eccentric muscle
action. Throughout the ·testing
procedure, subjects were requested to
position their arms across their chests
and above the pelvic stabilisation pad.
The same testing procedure was
repeated exactly one week after the
initial tests in order to assess protocol
reliability.
The strength curves for both muscle
groups of every subject were examined
and compared with the expected
strength curve shape. Average torques
were determined and EfC and TEITF
ratios derived. The data were evaluated
using the Statistical Analysis System
(SAS) ona VAX computer. The effects
of test occasion (test 1 versus 2),
muscle group (trunk extensors versus
trunk flexors), velocity (300 .s-1 versus
60°.S-I) and muscle action (eccentric
versus concentric) were investigated
using an analysis of variance (4~way, 4
repeated measures). The derived ratios
were analysed in a 3--way, 3-repeated
measures analysis ofvariance. In
addition, the gravity-corrected and non
gravity-corrected data were also
compared using an ANaVA with
repeated measures. Statistical
significance was accepted at an alpha
levelofO.OS.
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Typical strength curve shapes for gravity-corrected average torques from
concentric actions of the trunk extensors and flexors.
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Histogram showing average torque values for eccentric and concentric actions of
trunk extensors and flexors for gravity-corrected data at 300.S~l and 600.S~l (Trunk
Extensors =IE; Trunk Flexors =TF; Concentric =C; Eccentric =E; Test 1=test
occasion 1. Test 2=test occasion 2).
E250
z
'-""
~ 200
a
a:
~ 150
w
~ 100
rr::
w
> 50
<C
AUSTRAliAN PHYSIOTHeRAPY o RI GI N A l ART I C lE
The mean gravity-corrected torques
for concentric trunk extension and
flexion at 300 .s-1 were 254.68Nm and
136.27 Nm, and at 600 .s-1 were 232.09
Nmand 127.27 Nm respectively. The
meangravity-correeted torques for
eccentric extension and flexion at
30°.s-1 were 346.82 Nmand 199.64
Nm, and at 600 .s-l wereJ51.64Nm
and 209.73 ·Nm respectively. A
comparison of the gravity-corrected
and.nongravity-correeted average
torques is presented in Table 1.
Ratios
The eccentric/concentric (E/C) and
the extensor/flexor (TErrF) ratios
were derived from the average torque
variables in the next stage ofthe
analysis.
E/C ratio
A significant difference in strength
was found between muscle groups
(Fl,80= 8.82;p =.0039) as the TE
produced greater torque than the TF.
In addition, the E/C ratio at 30°.5-1
was significantly greater than that at
60°.s-1 (Fl,80=0.00;p =.0001). None of
the interactions were significant. No
significant differences were
demonstrated between gravity-
corrected and non gravity~correctedE/
C ratios (F1,80=0.00; p =.9934). The
mean E/C ratios were 1.66 and 1.43
for 60°.s-l and 3OO~s-1 respectively.
Table 2 presents the mean and
standard ·deviations for gravity-
corrected E/C ratios and Figure 5
presents this data in graphical form.
TE/TF ratio
There were no significantrnain
effects or interactions. for the TE ITF
ratio. For eccentric actions, the mean
TEITF ratio was 1.75 and for
concentric actions, it was 1.82. Table 3
and Figure 6 display the gravity-
corrected means and standard
deviations for the TErrF ratios.
Effect of gravity correction
Gravity correction did not
significantly affect the average torque
values (F1,so=0.OO;p =.9501) or
derived ratios (F1,80 =0.00; p:=.9934
for E/Cand Fl,SO=.43;p =.5129 for
-
might have been predicted, eccentric
actions produced greater torques than
concentric actions.
Several interactions were found to be
significant:group*velocity (F1,80 =7.48;
P=0.012); group*action (F1,80 =8.62; P
=0.0149); ·velocity*action (Fl,80 =40.45;
p=O.OOOl); and test~velocity*action
(Fl,80=6.73;p=O.0268). These were all
primarily a consequence of the
variables group and action as the other
variables - velocity and test - produced
no significant main·effects.These
relationships are illustrated in Figure 4.
No significant difference between
tests 1 and 2 (Fl,SO=O.OO; p =0.9920)
or between average torque production
at 30°.s-1 versus 60°.s-1 (F1,80 =2.34; P
=0.1572) were identified. Also, there
was no significant difference between
the gravity.;,. and nongravity.,-corrected
data (Fl,80 = 0.00; p= .9501).
1\\TERl\(;]<~ rr()I{QLfI<~
Test 1 Test 2
Gravity Group velocity Mean S.D. Mean S.D.
Corre- & Action Torque Torque
ction
yes ext 30 cone 259.4 53.6 249.9 58.1
no ext 30 cone 258.3 58.6 246.0 58.8
yes ext 60 cone 240.2 49.0 224.0 54.5
no ext 60 cone 239.4 53.7 220.9 55.0
yes ext 30 ecc 350.3 57.1 343.4 68.6
no ext 30 ecc 348.6 62.3 339.2 68.1
yes ext 60 ecc 346.1 49.3 357.2 64.4
no ext 60ece 345.2 54.4 354.1 65.4
yes flex 30 cone 136.1 28.3 136.5 24.7
no flex 30 cone 137.1 23.5 140.5 25.1
yes flex 60 cone 126.1 25.3 128.5 26.3
no flex 60 cone 126.9 21.8 128.5 22.6
yes flex 30 ecc 197.4 52.3 201.9 51.1
no flex 30 ecc 198.3 46.8 202.1 47.1
yes flex 60ece 202.2 44.4 217.3 45.4
no flex 60ecc 202.8 40.3 221.6 46.8
concentric trunk extensor muscle
sttengthcurvesascended from the
position of extension through to
flexion. The trunk flexor curves
descended from extension through to
flexion (Figure 3). These trends were
also evident at a velocity of 60°.s-1,
although there were more oscillations
in the concentric curves at this
velocity. No differences were observed
in strength curve shapes for either the
extensors or flexors between tests one
and two.
Average torques
A significant difference in strength
between the muscle groups was
demonstrated (F1,80·=155.611;p
=0.000) as the TE produced greater
average torque,than the TF. Muscle
action was also a significant variable
(F1,80=304.49; p=O.OOO) since, as
Table>1
Grayity-•••and.••n.on•.•.gravity-correct.ed.•••avera,ge•••torq.ue••.•means.•ao.d•••sta.ndard.·.d.eviations
(in•.•NI11 ):! for. rnuscle.·.gro"".:(:'](fI:h,Sion,:·flexi()n),vel~:~ity. (in.o.s-1),.a,lId:::l11l1scle.. 8ction(c:()g(::f~mri.c:,.:.·.t:I:f:f.:fJlI.".i.9.)·:(l ..:••~~,:.(t9C;Il$.il)lI~:· ••I)"••"CJ:II:~·••,CW9·
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TEtrF ratios). However, gravity
correction did affect the shape of the
strength curves. Figure 7 illustrates the
gravity-corrected and non gravity-
corrected strength curves for
concentric actions of the trunk
extensors and flexors. In the flexed
position, the extensor curve that is not
corrected for gravity underestimates
the torque of the trunk extensors in
comparison to the gravity-corrected
curve. In the extended position, the
non gravity-corrected curve
overestimates the trunk extensor
torque (the gravity-corrected and non
gravity-corrected curves cross at a
neutral trunk angle). Similarly, in the
extended position, for the flexor curve
that is not corrected for gravity, the
torque is underestimated in
comparison to the gravity-corrected
curve. In the flexed position, the non
gravity-corrected torque curve
overestimates the trunk. flexor curve.
Discussion
Strength curve shape
The elite field hockey players in this
study produced curves similar to those
described by Smidt et al (1983) and
Thorstensson et al (1989). Concentric
and eccentric trunk flexor strength
curves descended from the extended to
the flexed position. The trunk extensor
, curves demonstrated greater torques in
~e flexed position, with the slope -
slightly steeper in eccentric than in
concentric curves. Kulig et al (1984)
have stated that torque decreases as the
length of the muscle decreases, thus
implying that muscle length exerts the
dominant influence on the shape of the
strength curve. However, the moment
ann length may playa greater role if it
decreases as the muscle length
decreases. The influence of the activity
of the antagonist on the shape of the
strength curve must also be considered
and requires further investigation.
More numerous oscillations were
evident in the strength curves
produced at higher velocities for both
trunk. flexor and extensor activity.
Presumably this is a reflection of the
inertia of the trunk accelerating and
ORIGINAl ARTICLE
decelerating to match the velocity of
the lever arm as the Kin-Com
accelerates from zero to the preset
velocity. A greater number of
oscillations were evident in the
concentric muscle action and at the
greater velocity. Optimisation of
preloading may reduce this oscillation
by permitting the muscle group to
develop adequate torque prior to
movement of the lever arm so that it
need not "catch up" with the resistance
application pad. Further, the ascending
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segment early in range would be
minimised or eliminated by optimal
preloading. Small individual variations
in curve shape may have been due to a
combination of machine-induced,
neurological and inertial factors.
The effect of gravity correction on
strength curve shape will be discussed
in the section on gravity correction.
Average torques
Smidt and Blanpied (1987) used the
Kin-Com Trunk Testing Unit to
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1allle3
Gravity corrected means and standard deviations (in Nm) oitlle Trunk Extensorl
Flexor Ratios for concentric and eccentric muscle actions at velocities 0'30°.s·1
and 50°.S·1 on test occasions one and two.
lable2
Gravity corrected means and standard deviations (in Nm) of the Eccentricl
Concentric.Ratios for the trunk extensors and flexors at velocities of 30°.s·1 and 60°..1
on testoccasions one and two.
rfRLfNK I,~xrrI<~NS()RlFI~I'~X()J{R.\rrI()o
Action velocity Test 1 Test 2
Mean SD Mean SD
concentric 30 1~918 0.223 1.843 0.348
concentric 60 1.939 0.419 1.766 0.353
eccentric 30 1.831 0.362 1.749 0.356
eccentric 60 1.757 0.345 1.675 0.282
1<~(:C: I'~ :'rrl{)(:/(:()N(]<~~rrl{I(~H..\rrI()
Group Velocity Test 1 Test 2
Mean SD Mean SD
extensors 30 1.369 0.185 1.385 0.150
extensors 60 1.465 0.181 1.633 0.200
flexors 30 1.440 0.105 1.468 0.178
flexors 60 1.604 0.131 1.695 0.133
flexor (TEITF) ratios.
The E/C ratios at 300 .s-1 were less
than those at 60o.s-1 with values of 1.43
and 1.66 respectively. This was to be
expected, as·eccentric rnuscleactions
maintain torque at faster velocities
while torque from concentric muscle
actions decreases. These findings relate
closely to those of Reid and Costigan
(1987), who reportedE/C ratios of 1.2
for 20 normal men tested on the Kin'""
Com at 25°.s-1. At this slower velocity,
the relative difference·between
concentric and eccentric torques could
be expected to be reduced.
TEITF ratios ofapproximately 1.75
eccentrically and 1.82 concentrically
were demonstrated by the subjects in
this study. These are in agreement
with the range of 1.0 to 2.0 reported by
BeimbornandMorrissey (1988) in
their review oftrunk muscle
performance. Thorstensson etal
(1989) tested normal subjects, patients
with LBP and elite fencers and
volleyball players. No values were
given to quantify-the relative
differences between the groups but it
was indicated that the patients had
lower ratios and fencers had higher
ratios than the normal subjects.
Comparison of the data in this study
with the results ofThorstenssonet aI
(1989) is limited by differences in
testing protocol, as Thorstensson et.al
(1989) tested subjects with a Cybex II
in side-lying·on a swivel table and
measured the peak torques produced at
a velocity of 15°.s-1.
Then.eld hockey players in this
study, although displaying a greater
trunk flexor strength than the normal
subjects reported by Beimborn·and
Morrissey (1988), also possessed a
proportionally greater trunk extensor
strength. The greater trunk flexor
strength could be attributedto the
effect ofa specific abdominal
strengthening program undertaken hy
the athletes as a part of their training.
The greater trunk extensor· strength
was expected .as·a consequence ofthe
sport-specific requirements of
maintaining long periods of trunk
flexion and repeated extension in the
execution ofgame skills such as
..
Ratios are generally used to reduce
intersubjectvariability in raw scores of
quantitative muscle tests. The ratios
derived in· this study were eccentric/
concentric .(E/C) and trunk extensor/
or remain the same. However, no
significant difference in torque
production was noted between tests·at
30°.s.,.1 and 600.s-1• This could bea
reflection of the factthat the difference
between velocities ·was not large
enough to induce a significant change
in torque values. Wessel et al (1989)
found similar results with respect ·to
the effects ofvelocity when they used
the Kin-Com to measure abdominal
strength at velocities of 3O°.s-1 , 600 .s-1
and 900 .s-1 through a range from 200
extension to 40° flexion.
obtain maximum trunk flexion and
extension strength values from 38
normal men. The average torques of
the elite female athletes reported in
this study were higher than the
subjects of Smidt and Blanpied (1987)
but, in addition to gender and activity
level differences between the subject
groups, the testing protocols differed
slighdy in that the velocities used were
not identical (20o.s-1 versus 300 .s-1) and
total trunkalexcursion was less (500
versus 55°). No other data which
described elite female athletes' trunk
strength were found in the literature.
Average torque values did not clearly
follow the expected force-velocity
relationship. It is generally expected
that, with an increase in velocity,
concentric torque·would decrease and
eccentric torque would either increase
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Figure 1
Comparison of.gravity-corrected·· tGC) and non graVity-corrected (.NGC) strength
curves of concentric actions of the trunk extensors (IE) and flexors (IF).
TE (Ge)
TE (NGC)
TF(NGC)
TF{GC)
3020
males could be accounted for by body
weight and, further, they found no
relationship between peak torque and
body·weight in females.
It is important to note however that,
although the failure to correct for
gravity did not significantly affect
strength data, the·strength curve shape
was affected. Figure 7 illustrates the
gravity-corrected and non gravity-
corrected strength curves for
concentric actions of the trunk.
extensors.
In the flexed position, the curve that
was not corrected for gravity is
underestimating the torque of the
trunk extensors. This is because the
trunk is first having to be lifted prior to
exerting torque against the load cell.
As the trunk approaches the vertical,
the gravity-corrected and non gravity-
corrected curves cross, so that in the
extended position the torque illustrated
in the non gravity-corrected curve is
overestimated in relation to the
gravity-corrected curve. This possibly
reflects the weight of the trunk being
recorded via the load cell in addition to
the torque exerted by the trunk
extensors.
Clearly the shape of the strength
curve is affected by the failure to
gravity correct. To some extent,
however, a discussion ofgravity
correction versus non-correction.is
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actions) as the weight of the body
segment accounts for a larger
proportion of the torque produced.
However,despite· these considerations,
there was no significant difference
between the data which were corrected
for gravity and those which were not
corrected for the .effect.ofgravity.
Two possible reasons for the lack of a
significant difference betweengravity--
corrected and non gravity-corrected
data can be advanced. Firstly,
essentially equal portions of the total
range of movement occurred on either
side ofthe verticaL Secondly, there is
no apparent relationship between
torque and body we~ght.
The first factor ishased on the fact
that'the torque was evaluated through
virtually equal ranges into either
direction ofmovement (300 into
flexion and 25° into extension). It is
possible that the error incurred on one
side of the vertical was effectively
cancelled by an equal and opposite
error on the other side of the verticaL
In respect of the second postulation,
although a positive linear relationship
is thought to exist between body
weight and trunk isokinetic torque it
probablyaccounts for only a small
percentage of the variation in torque
production. Delittoet al (1989)
reported that only 15% of the variation
in trunk muscle torque measured in
dribbling, tackling, flicking and
scooping.
Based upon the results of this study
and those of other authors (Langrana
et al 1984, Mayer et al1985and
Thorstensson etal 1989), it appears
that athletes possess a TEffF ratio at
the higher end of the normative
spectrum (closer to 2.0), whereas
patients with back pain tend towards
the lower end of the scale (closer to
l~O). Although the critical values
defining the limits of 'normal trunk
strength' remain unknown, the
imbalances indicated from the present
findings can be utilised to develop
individualized prophylactic exercise
programs. The results for each subject
in this study were·analysed and an
appropriate progressive concentric/
eccentric extensor/flexor program was
designed for each athlete·based on the
relative imbalances indicated by their
individual results.
Effect of gravity correction
Prior to the statistical analysis of the
gravity-corrected to the non gravity-
corrected data, it was hypothesised that
the failure to correct for the effect of
gravity may result in significant error.
This hypothesis was based on several
considerations. It was expected that the
effect of inertia on the trunk would be
significant, considering its relatively
large mass. Further, gravity would
assist the movement ofthe trunk from
the vertical, hoth into flexion and
extension. The position ofthe trunk
relative to the T -bar resistance
application pad would also influence
the magnitude of the torque recorded
by the load celLFor example, when
measuring trunk flexors from the
extended position, the trunk would
first have to be lifted before applying
torque against the pad. The lift would
not be measured and the torque
recorded would underestimate the
torque required for the performance of
the task. Moreover, the error resulting
from the failure to correct for gravity
would presumably increase as the
torque decreased. Accordingly, this
error would increase at faster velocities
(particularly with concentric muscle
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superfluous. Clinicians and researchers
should consistendyutilise and report
only gravity-corrected data.
Conclusion
This study has provided sport-
specific normative data· on trunk
strength in elite female field hockey
players which corroborates other data
reported in the literature on
isokinetics.
The TErrF ratio tends towards the
higher end ofthe normative spectrum
reported by other authors and is
probably a reflection of the sport-
specific requirements of field hockey.
The E/C ratios were greater for the
faster angular velocity of movement.
In addition, .the TE generated
greatest torque when the trunk was
flexed and the TF produced the
greatest torque when the trunk was
extended. No significant difference was
found between torques developed at
;"'velocities of 30°.5-1 and 60°.s-1.
The reliability ofthe testing protocol
was supportedbya finding ofno
significant difference between test
occasions. This protocol can therefore
be utilised for isokinetic trunk strength
evaluation in other populations.
Finally, although not correcting for the
effect of gravity did not.significantly
affeGt strength data, it did affect the
strength .curve shape.
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